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[Title of the Invention] 

A Conductive Spring of a Copper Alloy 

[Abstract] 

[Objectives] This invention provides a conductive spring of a copper alloy, 
excellent in mechanical properties, conductivity, stress-relaxation property, 
and bendability. 

[Solution] The spring is formed of a conductive copper alloy containing, 
as major components, Ni at an amount of 1.0 to 3.5wt%, Si at an amount of 
0.2 to 0.9wt%, Mg at an amount of 0.01 to 0.20wt%, Sn at an amount of 0.05 
to 1.5wt%, S and O, each being restricted to contain at an amount less than 
0.005wt%, and Cu and inevitable impurities of the rest, in which the crystal 
particle size is more than 1 u m and less than 25 /z m. The spring is 
appropriate for a terminal, connector material and switch material. 

[Claim l] A conductive spring formed by reduction processing of a 

copper alloy comprising, as major components, Ni at an amount of 1.0 to 
3.5wt%, Si at an amount of 0.2 to 0.9wt%, Mg at an amount of 0.01 to 
0.20wt%, Sn at an amount of 0.05 to 1.5wt%, S and O, each being restricted 
to contain at an amount less than 0.005wt%, and Cu and inevitable 
impurities of the rest, in which the crystal particle size is more than 1/im 
and less than 25 n m. 
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imfr&m &&ftt bXN i £1 . 0~3. 5wt 
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im^mi] ^iltNi^l. 0-3. 5wt 
%, Si^O. 2-0. 9wt%, Mg^O. 01- 
0. 20wt%. Sn£0. 05-1. 5wt°/o§^ 

s, oMM^n^no. oo5wt o /o*wii 

Wfi 1 Mm*«*2 5 wmHTr*Si^r»ai)lt 

C 91*5 2] a^ltNi^l. 0-3. 5wt 

Si£0. 2-0. 9wt% v Mg^O, 01 — 
0. 20wt%, Sn^O. 05-1. 5wt%, Zn 

*o. 2-1. 5wt%^ s, ogws^^n^n 

0. 0 0 5wt%«m, MWCuac^RIiBW 
0 , *©ISS«tffi*5 1 m m^ix 2 5 m m 

art* s«d*r»jisufc*«tti#*aw. 

iffi^iltNi&l. 0-3. 5wt 
%s Si£0. 2-0. 9wt%, Mg^rO. 01- 
0. 20wt%, Sn£0. 05 — 1. 5wt%^, 

s, oMM^-nfno. oo5wt%*wi 

0, 0 0 5-0. 3wt%Ag 4 0. 01- 

0. 5wt%Mn, -en^nO. 0 0 5-0. 2wt% 
CDFe, Cr, 0. 05-2. Owt%Co ( 0, 00 
5-0. 1 w t%P(Dcp^6a«ni«*/c«2«fet± 
«irQ. 0 0 5wt%-2. Owt%^ glSISC 
u pJi»W^*fi«J^ 6 ft 9 , *©«SfittB»* 1 m m 

[»5R314] MftiltNi^l. 0-3. 5wt 

Si£0. 2-0. 9wt%, Mg^O. 01 — 
0. 20wt%, Sn£0. 05-1. 5wt%, Zn 

*o. 2—i. 5wtm s, oMt^fn^n 

0. 0 0 5wt%*WIIL, 3 6K0. 0 0 5- 
0. 3wt%Ag t 0. 01-0. 5wt°/oMn, Ztl 
?tlO. 0 0 5-0. 2wt°/oOFe, Cr t 0. 05 
-2. Owt%(DCo, 0. 0 0 5 — 0. lwt%(DP 
©*^6iltfni«*A:«2«l«±41»a-C0. 00 5 
wt%-2. Owt%^, BttBCuRtf^iB^tt 
*) , *<Dl&ikft&ifi 1 *z m^lx. 2 5m m&T 

[W5R55] iliS»tOtNiS:l. 0-3. 5wt 

Si£0. 2-0. 9wtl Mg^O, 01- 
0. 20wt%, Sn£0. 05-1. 5wt%^ 

s, o^M-enfno. oo5wt%*»c» 

U 0 0 5-0. lwt%Pb, 0. 005 

-0. 0 3 w t B i <D l«*/c«2«%*8*r0. 0 0 
5 - 0 . 1 3 w t »SH5C uSO^pJifiWWW 

[it*JS6] i^iUTNi^l. 0-3. 5wt 
%. Si£0. 2-0. 9wt°/ 0> Mg^O. 01- 
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0. 20wt%, Sn£0. 05—1. 5wt%, Zn 

£o. 2-1. 5wt°/o^ s, o^ws^-en-en 

0. 0 0 5 w t %7fcfifc:$fJPKU £6&C0. 00 5 — 
0. lwt%Pb, 0. 0 0 5 — 0. 03wtBi<01 

«*/d*2**igstco. 005-0. i3wt%$ 

1 /ini^2 5 umOTt*Si^tMl/c 

Iffi&mi) ^iOTNi^l. 0-3. 5wt 
10 Si£0. 2-0. 9wt%, Mg^O. 01- 
0. 20wt% > Sn>&0. 05-1. 5wt%^ 

s. o^ws^^n^no. oo5wt«wi 

L/> 36CC0. 00 5-0. 3wt%Ag, 0. 01- 
0. 5wt%Mn, ^tl-eno. 00 5-0. 2wt% 
CDFe, Cr, 0. 05-2. Owt%Co, 0. 00 
5-0. lwt%P0W^I«nif$fc»2iH 
±> MO. 0 05-0. lwt%Pb, 0. 0 0 5- 
0. 03wtBi©li*fctt2I?&«itO. 00 5 

wt%-2. owtm m$tcuRv*vjmm*ffi 

20 ^m»Uiii^2 5/imOT 

[IS*58] ^iUTNi^l. 0-3. 5wt 

Si£0. 2-0. 9wt% v Mgr£0. 01- 
0. 20wt%, Sn£0. 05-1. 5wt%, Zn 
£0. 2-1. 5wt%g^ S, O^TSSr^n^ft 
0. 00 5wt%*Wc|ljIl, 3 6CC0. 0 0 5- 
0. 3wt%Ag, 0. 01—0. 5wt%Mn, 
fno. 0 0 5 — 0. 2wt%<DFe, Cr, 0. 05 
— 2. Owt%Co, 0. 0 0 5—0. lwt%P<D<P 
30 fr6Stfftl«*fc»2««_h, MO. 0 0 5-0. 
lwt%Pb v 0. 0 0 5-0. 0 3wtBi©li$ 
/di2t^SlirO. 00 5wt%-2. 0wt°/o§ 

K# 1 Iimffi2 5 ym«Tt$,l)i^Ml/c 

[»3}8B9] ii&ilTNi^l. 0-3. 5wt 

Si£0. 2-0. 9wt%, Mg^O. 01- 
0. 20wt% Sn£0. 05-1. 5.wt%^ 

s, oMM^no. o o 5 w t %mmttcMm 

40 U J«»CuRaqF^iB»^l««f*6ftO, ?<D&&& 
/zm£M;12 5 am«K*^i^ti^U/c 

[»5R3110] ii^UNi^l. 0-3. 5w 
t%, Si£0. 2-0. 9wt%, Mg^O. 01- 
0. 20wt%, Sn£0. 05-1. 5wt%, Zn 

&o. 2-i. 5wt%^ s, o£tfrs*-e*veft 
o . o o 5 w t roTkmicmm u m^cu Raq^jaw 

50 ^RK«j36»6ttO. ^©J&li&a#l Mm^2 5^m 
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[ItsR^ll] i«#iUtNitl. 0-3. 5w 
t% v SitO. 2-0. 9wt% k Mg^O. 01- 
0. 2.0wt% v Sn^O. 05 — 1. 5wt%^, 

s, o^rs^-en-eno. oo5wt%*wi 

U 3 0 0 5-0. 3wt%Ag, 0. 01- 

0. 5wt%Mn, -en^tlO. 00 5-0. 2wt% 
OFe, Cr, 0. 05 — 2. Owt%Co t 0. 00 10 
5-0. 1 w t%P©W^I^nil$/di2iJ^± 
«1T0. 0 0 5wt%-2. Owt%^ glSPC 

u pjifiw^Bw.^ . *<Dm&ms& 1 u m 
Wot, sh\ ^*#2-tthL<&m y*$tm 

[»*512] ±ffi»iltNi*l. 0-3. 5w 
t% v Si£0. 2 — 0. 9wt% k Mg^O. 01- 
0. 20wt%, Sn^rO. 05 — 1. 5wt%, Zn 
4:0. 2-1. 5wt°/o^ S, OMi^-eWn 20 

o. o o 5 w t %5fcmt<cmmu, $6cco. 005 — 

0. 3wt%Ag, 0. 01-0. 5wt%Mn, 
<e*l0. 00 5 — 0. 2wt%(DFe, Cr, 0. 05 
— 2. 0wt%CDCo, 0. 0 0 5 — 0. lwt%COP 
©**»6S«*l lI$/di2i^J:«ItO. 00 5 

wt%-2. owt%t^ siapcua^piaw^tt 

mfthtsi*). f * B 0 0 SS^ 1 m m^Si 2 5 m m«T 

& 4*s« mmmttett* 30 

[Ii^l3] 3=J06#£OTN i*l. 0-3. 5w 
t%, Si^O. 2-0. 9wt% v MglrO. 01- 
0. 20wt% t Sn£0. 05-1. 5wt%t^ 

s, o^ws^-en^no. o o 5w t%*?atc*ijK 

L/, £6K0. 00 5-0. lwt%Pb, 0. 005 
-0. 0 3wtBi©li*WJ2«*|8lrO. 0 0 

5 - o . 1 3 w t ^spc u Rvw^mmttm 

iPhtz*), *Ottata^E*si *im*a*2 5/im«Tr 

*^^-WfeU<«^-Y ^^t*ffl©l*"rti^r*SCi 40 

[f!3jBS14] M^UtNi^l. 0-3. 5w 
t%, Si£0. 2-0. 9wt% Mg^O. 01- 
0. 20wt%, Sn£0. 05-1. 5wt%, Zn 

£o. 2-1. 5wt%t^ s, o^ti^^n^n 
o. o o 5 w t %*»tc*iiRu s^co. 005- 
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0. lwt°/oPb, 0. 005 — 0. 03wtBi<Dl 
il/c«2il:iir0. 0 0 5-0. 1 3wt°/o^ 

[»«515] ^iltNi^l. 0-3. 5w 
t%, Si£0. 2-0. 9wt%, Mg%0. 01 — 
0. 20wt%, Sn£0. 05-1. 5wt%g^ 

s % o^r*&*ft-e.*i 0 . 0 0 5 w t %*sstcft9K 

U £6tC0. 0 0 5—0. 3wt%Ag, 0. 01 — 
0. 5wt%Mn, ^-n-eno. 0 0 5-0. 2wt% 
©Fe, Cr, 0. 05 — 2. Owt%Co, 0. 00 
5-0. 1 wt%P<D**»6il«m«*^:tt2«lfel 
±, &O*0. 005 — 0. lwt%Pb, 0. 0 0 5 — 
0. 03wtBi©lim2i*|8irO. 005 
wt%-2. Owt%S*; SSPCuS^pJiaW^F*B 
0 , *<D*SilttK# 1 m m*jffl*. 2 5^ m«T 

m^mie) s«»iutNiti. 0-3. 5w 

t%, Si£0. 2 — 0. 9wt%, Mg^rO. 01 — 
0. 20wt%, Sn£0. 05-1. 5wt%, Zn 

£o. 2-i. 5wtm s, o^rs^-en^n 

0. 0 0 5wt%*itC$«U, £e>CC0. 0 0 5 — 
0. 3wt%Ag ( 0. 01-0. 5wt%Mn v 
^ftO. 0 0 5—0. 2wt%CDFe, Cr, 0. 05 
— 2. Owt%Co, 0. 0 0 5—0. lwt%PCD* 
^6»«til«*^tt2«KLb, MO. 0 05-0, 
lwt%Pb, 0. 0 05-0. 03wtB iOll^ 
/dJ2S^rO. 0 0 5wt%-2. Owt%g 

ffi#l 5 um&TFX$>Z>m&&~CB!&lstc 

[B 1 ] **eafc«©J£*»W©KK*ltt98^&ia. 

[1W<D1JMI] 

l 

2 IS£ 

3 ft&SM* 

4 ^ t> 
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H^3 0 9 4 0 4 5 
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[ ESSIES] 

[»ftiB] 5*P1 £ 1 4B (2 0 0 3. 1.1 

4) 

[¥HMiE2] 

[»*I1] SJSS^iLTN i *1. 0-3. 5wt 

Si£0. 2-0. 9wt%, Mg^O. 01- 
0. 20wt%, SngO. 05-1. 5wt%§^ 

s, o^wmg^n-eno. oo5wt%»« 

/im^2 5 gm«TT*SW^ *JEB»lX 

[»3R3B2] iJS^l/tNi^l, 0-3. 5wt 

Si£0. 2-0. 9wt%, Mg^O. 01- 
0. 20wt%, SngO. 05 — 1. 5wt%, Zn 

g o. 3-i. o wt%^ s. oMt^^n-en 

0. 0 0 5wtK5fe»KMHU «»CuaDCFflIiBW 
WW** 6* 0 . *©efittffi# 1 ^ m^ii 2 5 m m 

[«3»I3] ^iUN i £1 . 0-3. 5wt 
%. SigO. 2 — 0. 9wt%, Mg£0. 01- 
0. 20wt°/o, Sn^O. 05-1. 5wt%t^ 

s, o-^rs^n^fto. oo5wt%«« 



U 36&C0. 005-0. 3wt%Ag 4 0. 01- 
0. 5wt%Mn, -en-eno. 0 0 5-0. 2wt% 
CDF e , Cr ( 0. 05-2. Owt%Co, 0. 00 
5-0. 1 wt%P©W6iaatil«*/c«2WH± 
£*&g"C0. 0 05wt%-2. Owt%^, Sia5C 
u vlfflm^ffiMiP 6 & ■) * *<Ote$kVLWfi 1 m m 
5 u mfetTr $> 2>m&& *KMmx ItM L 

[»3#I4] ilS^iltNiil. 0-3. 5wt 

Si£0. 2-0. 9wt%, Mg£0. 01- 
0. 2 0wt%, Sn£0. 05-1. 5wt%, Zn 
^ 0. 3-1. O w tKgfr», S, O^WMg^-tl-eti 
0. 00 5wt%*»CCfWKU $£>&t0. 00 5- 
0. 3wt%As, 0. 01-0. 5wt%Mn, 
^0. 0 05-0. 2wt°/o(DFe, Cr, 0. 05 
— 2. Owt%(DCo, 0. 0 05 — 0. lwt°/o©P 
O*^6atftll«*A:W2«K±*|«r0. 00 5 
wt%-2. Owt%S^ «8BCuR^?IjBW^F*fi 
0 > *©*SBttft# 1 M m^ix. 2 5 m m«T 

[|»3jBB5J £/&#<bLTN i £1 . 0-3. 5wt 

Si£0. 2-0. 9wt%, Mg£0. 01- 
0. 20wt%, Sn£0. 05-1. 5wt%^ 

s, o-sws£-e*veno. o o 5 w t %&m<<cmm 

U 26CC0. 00 5-0. lwt%Pb, 0. 005 

-0. 0 3w t%B i (Dinztc^mzmm-co. 0 
0 5-0. 1 3 w t ^asc u so^wiaw^** 

mfrht* *) > *<D*SB«iR# 1 n m^ii 2 5m mfiTF 

CI»3»I6] ^iltNi^l. 0-3. 5wt 

Si£0. 2-0. 9wt% ( MggO. 01- 
0. 2 0wt°/o, SngO. 05-1. 5wt%, Zn 
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& o. 3-1. o wt%^ s. o^ws^-en^n 
o. o o 5 w t %^m^mmo, £6tco. 005- 

0. lwtXPb, 0. 0 0 5 — 0. O3wt%Bi0 
llJ/di2I>l:iirO. 0 0 5 — 0. 13wt%^ 

[»*S7] ^iUtNi^l. 0-3. 5wt 

Si^rO. 2-0. 9wt% k Mg^O. 01- 
0. 20wt%, Sn^O. 0.5 — 1. 5wt%^, 

s, o^wfi^-en-eno. oo5wt%*wi 

£6te0. 00 5-0. 3wt%Ag, 0. 01- 
0. 5wt%Mn, ^n-eftO. 0 0 5-0. 2wt% 
<DFe. Cr v 0. 05 — 2. Owt%Co, 0. 00 

5-0. i w t%potp^eii«ni«*yttt2«« 

±, &O'0. 0 05—0. lwt%Pb v 0. 0 05 — 
0. 0 3 w t%B i CD Il*fclt284«fir0. 0 0 

5wt%-2. owt°/ot^ aascujacx^eriaw^F 

*fi«J/P€>3tt«3, *©»SMS^ i ^ mSai 2 5 m m« 

[11*118] ^iLTNi^l. 0-3. 5wt 

Si£0. 2 — 0. 9wt% Mg^O. 01- 
0. 20wt% Sn£0. 05-1. 5wt%, Zn 

£ 0. 3— i. o wtm s v o^wa^n-e^ 

0. 0 0 5 w t%*ffi&CfWIKU £6CC0. 0 0 5- 
0. 3wt%Ag, 0. 01-0. 5wt%Mn, ^ti 
-etlO. 0 0 5-0. 2wt%OFe, Cr, 0. 05 
-2. Owt%Co, 0. 0 0 5—0. lwt%P<D* 
^6««4al«*/c«2««±, SC^O. 0 0 5-0. 
lwt%Pb, 0. 0 05-0. 0 3wt%Bi©lI 
$/c^2i«ItO. 0 0 5wt%-2. Owt%g 
^Cu&U^pJiBW^R««J^6ttO, *<D«Sfttt 
BD&U /im^2 5 wmH7t*SS^*raPI 
(AM L fcawttttfta, 

[Sf*®9] S^iUNi^l. 0-3. 5wt 

Si£0. 2 — 0. 9wt%, Mg^rO. 01- 
0. 20wt%, Sn^O. 05-1. 5wt%^ 

s, o^Wfi^r^-n-eno. oo5wt%*i«ii 

K# 1 MDiffi2 5 MmOTt^^i^Miil 

fcL < A v n^TftSC iSr^fSit 

[»3RBU0] i^iUNi^l. 0-3. 5w 
t%, Si£0. 2-0. 9wt°/ 0l Mg^rO. 01- 
0. 20wt%, Sn^O. 05 — 1. 5wt%, Zn 
£ 0. 3-1. O wtm S, O^TSSr^tt^ft 
0 . 0 0 5 w t %*«^C*IJ|® O . m&C u oJiSW 



[WsJOIll] iffi»iOTNi*l. 0-3. 5w 
t% v Si£0. 2 — 0. 9wt%, Mg^rO. 01- 
0. 20wt%, Sn£0. 05-1. 5wt°/o^ 
S, OMMfn^no. 0 0 5 w t %*SKC«[PB 
Vs 36CC0. 00 5 — 0. 3wt%Ag, 0. 01- 
0. 5wt°/oMn t ^rti^tiO. 0 0 5-0. 2wt% 
CDFe, Cr, 0. 05 — 2, Owt%Co, 0. 00 
5-0. 1 w t%P©it>^6atftll«*/c»2S£(± 
Srifi&SrO. 0 05wt% — 2. Owtm EiSPC 
u pKBW^RWW^ 6 0 , ^cDijgS«LS^ 1 // m 
*a^.2 5 um«Tr*SI^*EaxUML 

fee 

[i*B12] i^iltNi^l. 0-3. 5w 
t S i £0. 2 — 0. 9wt%, Mg^O. 01- 
0. 20wt%, Sn£0. 05-1. 5wt%, Zn 
£ 0. 3-1. Qwt°/o^ S, oMi^^ti-en 
0. 00 5wt%*iS{cSW^ £6CC0. 00 5 — 
0. 3wt°/oAg, 0. 0 1—0. 5wt%Mn, ^rtl 
^0. 0 0 5—0. 2wt%©Fe, Cr v 0. 05 

— 2. Owt%OCo, 0. 0 0 5 — 0. lwt%OP 

■o**i6a«ni«*fe«2«w± j &*ia^co'. 005 

wt%-2. Owtm BlfflJCuRCJf^iBW^tt 
*©ISBttffi3&si Mm*«*2 5tf'mJ«T 

CW3R3B13] ittftiltNitl. 0-3. 5w 
t%, Si£0. 2 — 0. 9wt% Mg&O. 01- 
0. 20wt%, Sn^O. 05 — 1. 5wt%^ k 

s, o^wfi^^n^no. oo5wt%*stcw 

U 36&C0. 00 5-0. lwt%Pb, 0. 005 

— 0. O3wt%Bi01iJ/c«2i«itO. 0 
0 5-0 . 1 3 w t giSPC uS^-nJiKW^JK 

0 % ^(DJSfittK^ 1 ^ m£M* 25// m«T 

"[W*B143 iMiUNi^l. 0-3. 5w 
t%, Si£0. 2-0. 9wt%, Mg^rO. 01- 
0. 20wt°/o, Sn£0. 05-1. 5wt%, Zn 
£ 0. 3-1. 0 wt%^, S v O^Wfi£^n^ft 
0. 00 5wt%»SMl, S6&C0. 0 0 5- 
0. lwt%Pb, 0. 0 05 — 0. 03wt%Bi(D 
l«*/c«2«**8fir0. 0 0 5-0. 1 3wt%t 
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[»*I15] irt»il/tNi«rl. 0-3. 5w 
t%s Si^O. 2-0. 9wt% Mg£0. 01- 
0. 20wt°/o, Sn^O. 05 — 1. 5wt%^ 4 

s, o^tMfn^no. oo5wt%*w« 

U 0 0 5-0. 3wt%Ag, 0. 01- 

0. 5wt%Mn, ^n-eno. 00 5-0. 2wt% 
CDF e „ Cr v 0. 05-2. Owt%Co, 0. 00 
5-0. lwt%POW6>a«nii*/c»2iH 
_L R&O. 0 0 5 — 0. lwt%Pb, 0. 0 0 5- 
0. 0 3 w t % B i O 1 a*/cli 0 . 0 0 
5wt%-2. Owtm ^WCu&tf^iBKFF 



[19^116] i«»iirNitl. 0-3. 5w 
t%, Si£0. 2-0. 9wt% v Mg£0. 01- 
0. 20wt%, Sn^O, 05—1. 5wt%, Zn 

£ o. 3-1. o wt°/o^ s v o^wa^^n-en 

0. 0 0 5 w t%*«CCiWIRU £6£C0. 0 0 5 — 
0. 3wt%Ag t 0. 01-0. 5wt%Mn> -en 
fnO. 0 0 5—0. 2wt%(DFe, Cr, 0. 05 
-2. Owt%Co t 0. 00 5—0. lwt%P<£>* 
^6Itt<al«*A:tt2i«± t SC^O. 0 0 5-0. 
lwt%Pb, 0. 0 0 5-0. 0 3wt%Bi(DlS 
*fc»2«**8*-C0. 0 0 5wt%-2. Owt%^ 

iimffi2 5 m m J&TPC & & fcEESflDX 

feu < wx-/ ^fflonTti^r&sc t *»»it 
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[0 0 0 1 ] 

[0 0 0 2] 
[«?>ft#r] 

> I^tt^S^C u -F ei&^:£u C u - S n^^ s # <ffl^?,tlTi/^ 0 
g»i|E#^ffl^-eii3Hiffi&C u -Z n^^# <«ffl$ti"Cv>;?>^\ 

<^<OiiiS^^tc$ ^tL^li^-^v^Ttfe, C u - Z n^£-e{±*>*>£ A,<?} 
it, Cu-Fei&-£-£> Cu-SnM^t'bMai*^<'iot|T^4© 

[ 0 0 0 3] 

Kit, mjjmwW'm, mm&s&m, mmm^ mmwj:^ mmn> s n.* 

[ 0 0 0 4] 

zfrh(DML^m&m£*mtz-fm&tfnt lt, cu-ni-s 

fti StlTjS <9 , 08*. tf, #^BB 6 1 - 1 2 7 8 4 2 <b ftT V> & 0 

$ts?<D? ym&m2 mmX*$>2> 0 9 OSffi^&ft 1 mm-C&& 0 4 OSt&^/hS 
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-N i - S i "Cttili v **«£C*»#fc#v> 0 fcffllTC 

**K *mfc*«r3:fc*J6#<Bi«:*:, «/fl*lfc©il5fittfcJ:$tt*<>!>Cu-N i 

[ 0 0 0 5] 

* 19 > Mz-l*. #H§BB 6 1 - 2 5 0 1 3 4-5§-£$R, #IS¥5 - 5 9 4 6 8 

ttf±fp]±-r^ i>(D<7>, ffitfj)DXte^<bL, 18 0° gflif(;i»x.#^v4 

[ 0 0 0 6] 

l j: 5 trzmm] 

> ^M#'tttffl»fiDXte^^te^x.^^^S&#mit^te#-e*><9^ skb^ 

[ 0 0 0 7] 

##3gHJU ±|aSWB*»fti"* ^<75-C> ii^tLTNi^l. 0-3. 5w 
t % ^ S i 5:0. 2~0..9wt%> MgH. 0 1- 0. 2 0 w t % ^ S n £ 
0. 0 5-1. 5wt%^*, S. OttMiZH-FtlQ . 0 0 5 wt%*li: 



(9) 3IS3 0 94 04 5 

& o 

ttc^mmH, ±tiLfrk LTN i & 1 . 0-3. 5 w t S i £ 0 . 2 - 
0. 9wt%, Mg?r0. 01-0. 20wt%, Sn^O. 05-1. 5wt 
9^ Zn^O. 2-1. 5wt%M, S, O^ti^f tlf tLO. 0 0 5 wt 

& o 

[0 0 0 8] 

£ ##lgf±, ±E*>jfrfr&fc:, HKAg,Mn, Fe, C r , Co> P 
<O + ^fe*«*Ll«4fcli2aiJa±*»*-C0. 0 0 5 wt%~2. 0wt%# 

^teWKIi, iJ&frt LTN i * 1 . 0-3. 5 w t S i £ 0. 2-0. 
9 w t %^ M g £ 0 . 01-0. 2 0 w t %^ S n £ 0 . 05-1. 5wt 

??)l: 0. 005-0. 3 wt%Ag^ 0. 01-0. 5 w t 96 M ^-*L 
-etL 0. 005-0. 2 wt%C0Fe, Cr> 0. 05-2. 0wt%Co« 0 

. oo5~o. i w t %p<D<p&hmi£*iim.itzte2 jttJa±**ft«"C0. 0 0 

5wt%~2. 0 w t S, O^fi^r-etL-^ttO. 0 0 5 w t 

f 7^ LTN i £ 1 . 0-3. 5 w t %> S i £ 0. 2-0. 9wt 

%> Mg £ 0. 01-0. 2 0 w t %, S n £ 0 . 05-1. 5wt%, Zn* 
0. 2-1. 5wt%#*> $£>K 0. 0 0 5 - 0. 3 wt%Ag, 0. 01- 
0. 5wt%Mn> -ett^tLO. 005-0. 2wt%cDFe, Cr^ 0. 05 
-2. 0wt%Co>'0. 0 0 5 - 0. 1 w t %P<D$>frt>MtftllM£fcl* 2 

?IJ^±£l£*-eo . 0 0 5 wt%~2. owt%#*> s, o-a-^r****L-e*L 
o. o o 5 w t %*wkwisu »sbc u^^iraiatj^iWi^p)*^, *o*s 



CIO) 3^3 0 94 04 5 

[ 0 0 0 9] 

-CO. 0 0 5 - 0. 1 3 w t %&t?CL k*!®Wik-tZ>m&&mitett-?$>&o 

*#fl9H»4, ijjfefr t LTNiS-1. 0-3. 5wt%, S i £ 0 . 2-0. 
9 w t %> M g £ 0 . 01-0. 2 0wt%, Sn^O. 05-1. 5 w t %S 
<^ ZbKO. 005-0. lwt%Pb, 0. 005-0. 0 3 w t B i <7) 1 
mt 7tfi2ffiSr^S-C0. 0 0 5 - 0. 1 3 wt %^ S, *Zti*f 

no. o o 5 w t %mm^mmL, n%$c uRv^m^m^o^h^ 

5 fx m\>XT^$>Z>m j &±& «9 SfiJc b tz £ t £ t f 

£ fc, ±Jjfe#fc LTN i * 1 . 0-3. 5 w t %> S i £ 0 . 2-0. 9wt 
%<Mg£0. 01-0. 20wt%,'Sn*0. 05-1. 5wt«, Zn£ 
0. 2-1. 5wt%^*> SfcKO. 005-0. lwt%Pb, 0. 005 
-0. 0 3wtB i©lii^li2i*iRlT0. 0 0 5 - 0. 1 3 wt%§* 
„ S, OS^mZ-Ztl^flO . 0 0 5 w t 96 5fciftKfWB&U ££|$C u&oqFnTjg 
lft^>61^£& "9 , &ffcJ£5&*l /zra^ii 2 5^ maTt*S»M?f 

[0 0 10] 

£tz, ±ti<Dm&&K, ZhKAg, Mn> Fe. C r, Co. P<D$>frhm. 
tftl lUitzl* 2m.&±, RVP b, B i CO 1 i 7t f± 2 fit T 0 . 0 05 

wt%~2. 0wt%^tf«Ml?Wt*So 

ii^tlTN i $-1. 0-3. 5wt%. Si£0. 2-0. 
9 w t %> M g £ 0 . 01-0. 2 0 w t S n £ 0 . 05-1. 5wt %S 
ZhKO. 005-0. 3 w t % A g > 0. 01-0. 5 w t %M n , -£*L 
-T fl 0. 005-0. 2 wt%^)Fe, Cr, 0. 05-2. 0 w t % C o . 0 
. 0 0 5 - 0. 1 w t %Pco<f frbMtftl 1 Ut tzli 2ffiJil_h, . 00 5 

-0. lwt%Pb> 0. 005-0. 0 3 wtB i©iaifcli2at<6i-C 
0. 0 0 5 wt%~2. Owt%^*, S, O^^TSSr-etL-PtLO . 0 0 5 wt 



CU) ^13094045 

4 fc, i.J&frk LTN i £ 1 . 0 - 3 . 5 w t S i £ 0 . 2-0. 9 w t 
%^Mg^0. 01-0. 20wt%, SntO. 05-1. 5 w t % ^ Z n £ 
0. 2-1. 5 w t SfcfcO. 0 0 5 - 0. 3 wt%Ag, 0. 01- 

0. 5wt%Mru ^tl-TttO. 005-0. 2wt%GDFe> Cr, 0. 05 
-2. 0wt%Co, 0. 005-0. 1 w t%P*> + J&»S>*«MtHt* it it 2 
fIJ^±, RXJFO. 005-0. lwt%Pb, 0. 005-0. 0 3wtBi© 
lfltS fzit 2t*i;iT0. 0 0 5 wt%~2. 0wt%^ S> O-^ffiSr 
Wno. 0 0 5 w t 965fe«9fcfWKBU JSSUC uS.C r >PW»«j3piW'»^e)* "9 

[0011] 

[0 0 12] 

*mm^m^ htiz>m&&it, cu^mj ^x+kn i t s i o<t#»**f 
to**, aa*««»»Kao r * • *su*mi4**r-r*sj#&^ sn, M g , 

Z n £#5e*M|JDU S> 0-£#**ftUR&L"t\ ^o|g a B B tI* 1 ^mJfex. 2 
5 ^ m&Tfc LTl£*^fn#tti: ft »:TiDX14*3fc«F-*- £ Cl i: LTv>i> 0 

[0013] 

CuCNitSi £^£$«iN i -S i IkteVdZtt *) > i*i*C u«f^*f 



(12) HS3 0 9404 5 

s i *{±^fm-r^N i t s i *>i\&wwia \ , s i tg-c*&t#x.^*t&?ta6 

. N i *£&5e1-& tft^&S i ******* 4 o S i *ri*0. 2 w t %3tm-C 
*StNi i^ftv»tg ilTO3S#&5£S£#&.r fc*«TS*v» 0 ittK S i * 
**^0. 9 w t J i H N i W^i^t l^iOfWif Jo if 

* L < ii> N i * 1 . 7-2. 8 w t %> S i £ 0. 4-0. 7 w t 

[0014] 

Mg> S nli*#3IS«»*fa#fcfflv»4«^*4»|ft^*MS**lni5c*-C** 

#Mfn#t4oil^£>fi. 0. 0 l w t %Jsl±T**fi{i#v>(Jif«tv> 0 MKm 
\fj}1\X&<DWl&frt>tt> *«rt<0. 2 0 w t %£M;i&i&»&ffi*f;&Dl'r4£ 

£ t »4SS|-C**o ^<^<t ? M g(7)**fSffl{i0. 0 1-0. 

2 0 w t %C*v»TA!ff4^5 >^£*-f o ft »f iJIPCtea>li&#> <b <fc <90* Lv* 
Mg(7)**fEHt±, 0. 0 1-0. lwt%-C*4 0 
[0015] 

S^K, S n*iDit*itHJ: ASf* ft tfiHUtefc^ofc * * , <k*)Ifc;t> 

S nti, JEB**«!#tt^3fc#«l***-r* foJJifliMgH^I < 

Sn*l. 5 w t % £i6Sx-T t . Hfc3LO e 1tlR©i6K«1ft* , *'fk U 

±M*S:*fc-t-o Sn^tiliMgtt<7)iJa^U^ 0. 0 5-1. 5 
w t %"C£*Ffc# < l4>'< 9 > * £*1"o 

Mg^ s 0. 0 1-0. 0 5 w t %<DW;&Klt, S n li 0 . 8-1 
. 5wt%5ifiL(,Mgii s 0, 0 5-0. lwt%^i:ii, S n it 0 



(13) H13094045 

. 0 5- 0. 8 w t Lv» 0 
[0016] 

ZnH. 2-1. 5wt%> »4L<liO. 3-1. Ow t%^tnit.l: 

j: 19 , m g £«*o . 2 0 w t %i~?&mzi£Ti>$zm±r$mt£^ v^ov^mr 

Zn^O. 2wt%> ilflKIJO. 3wt%isJi±^?«iM s iJUK 

*T*tfe*inixift*gfc#-r*5c3iffc ltii, Pb, b pb, Bin 

OfiK«1ftSr#i8L, 1. 5 w t 96 , $f $ L < ti 1 . 0wt%T** o 

o 

[0017] 

JS1±, Mg, Sn, Z n<^JPl£B£IMLfcg&£lft£L*:# s , £*1,&<Z>7G 
^'7 v-x^jMEFfc-g-^rswieHMU Mg:o. 05~o. 1 5 w t %, Sn:o 

. 2-0. 5wt%, Zn : 0. 3-0. 8wt%-e&& 0 
[0018] 

Ag, Mn, Fe, Cr, Co, P O *6ffl *BR£ LfcSft* IB 

B^-T^o A g, Mn, Fe, C r, Co, P (i, *DXtt*3fc#-f 4 fc 
1R LTV»4 >9 , Ag, Mn, Fe, Cr, Co, P<Dif^£> 

»dT*Llfll4fc»i2ttJsJL±* 0. 0 0 5 wt%~2. 0wt%^?«t©t 

[0019] 



(14) HS3 0 94 04 5 

#£*cfc *) , C u - N i - S i Jt&Zit&tcibKU+vymHytm 

*^0. 0 0 5 w t fc*<*>»**<3»:M\ ii:0. 3wt%I^T 

*JiO. 0 0 5 - 0. 3w t J: L< fiO. 0 0 5 - 0. lwt 

[ 0 0 2 0] 

Mnti, t |W|^^mMJDXte^efc#i-S^* 5 *)V), 0. 0 

lwt%*i!lt*it^aftm<, 0. 5 w t %*JfcjLT**LT6, : * 
^T*^JL#oA:«!l*55«#t>tL>fl:VMf^i)T?4< % f£*1ft*^t$-e:* 0 cfcoTM 
nO^it^f&H^ 0. 0 1-0. 5wt%T**K cfc *)fcf£ L < (4 0. 03 
- 0 . 3 w t %-e&&o 
[ 0 0 2 1 ] 

Fe, C r (4, Si t*£^U F e - S i -ffc-^tK C r - S i -ffc#**JBrt L 
* S i * h 7 7^U *«tt*Bfc#"J-4ai*****o F e — S i *k<fr«lK C r - 

s i ft&Qnmiami\:m*<&^t:#>. & < <vik&m*tk&mt2> £ t f4#^-c£ 

v^ 0 0. 2 w t %$-ix.TMt?> ffltfiDXtt*«^kLT < £o £ *l S> 

tf)i^f), F e, C r *-g-^Tl-&»#OiSJJD*»i% 0. 005-0. 2wt% 
<t^l KliO. 005-0. lwt%T*^>o 
[ 0 0 2 2] 

c o ti, n i fcra»ns i tik&yd*TML, %&mm&fg*m±.2^2>o c o 

14, N i fcJfcLM"C**fc*e>% *#^-Cf4C u — N i — S i LT 
v>J6ri«, 37 hStjKfFSfr&co-e&tU^ C u - C o - S i u-N i -c . 

o-S i &*MfcLTi>&^ 0 Cu-Co-S i ^ttP*a»#fW 3 C 
u-Ni-S i ty&l&tt&J^ #*14#fc**fcA<**o L^oTl- 



(15) HS3 0 94 04 5 

m«<^e*14** J M«3*t*8R*tmi^r«i-c**o ttz, Co-s i ik^m\$%t 

vffi&frh, c o *mn-r&M&<DMM&M&ii, o. 05 -2. owt%-c& 

[ 0 0 2 3] 

Pit, $!jg£±#$-£& tisiB#n«!mtt^3fc#-r2>^*^^-r^o #*<75-^r 

-^■Wl£fflti> 0. 0 0 5 - 0. lwt%-C&*K J:«)jf*L<Ji0. 005-0 
. 0 5 w t %T&&<> 

A^e>i»*-C0-. 0 0 5 - 2. 0 wt%afc, 
[ 0 0 2 4] 

pb, b i wft-^r«<?5ieBi*i®stfeas*SiWi-*o Pb, Biit 

*T"feifcSiDXl4£3felM-* Pb, B i <T> 1 a* fi 2ffi£ 0 . 0 0 5 - 

0. 13wt%MtS^t**Jo 

0 0 5 w t %*it*l> tttt^ti*^^ < , 0. 1 w t %$rMx.T»-Ti> 

t^winxtt^T^^^ff^^-e^ < > ft tfanxi4&fc#-ft o. 

0 0 5 - 0. lwtytI-e*D, «t «9 ftp 2 t < ttO . 005-0. 05wt 

B i ! bfT*>feSiDXtt*5fc#-t*'SsllP5c^-C*2>o 0 . 0 0 5 w t 
4 fc#t43c#^*75 s /h$ < , o. 0 3 w t %*Mx-Xm\i-fZ>t P b kmm<n® 
&4&T*%1-o ioTB i ^>*JS-fr*lfiBUi> 0. 0 0 5 - 0. 0 3wt%f* 
«9, J: >9$f 3: L < t± 0 . 005-0. O2wt%-e&& 0 
[ 0 0 2 5] 

itlf^Ag, Mn, Pe, Cr, Co, P *> + ^ h Sttftl 1 fit tt 2 



(16) ^13094045 

, F(7)Wl&frhM*-eO . 0 0 5 - 2. 0 wt%«kL7t o 

[ 0 0 2 6] 

^k, s, o^«*o. o o 5 w t %MffitzttmLLtzm&*m.m'i-2>o 
* *mm k mm-t z^t x*±m l * 1 ^a-f * *siMftj& tfflio 

S W\ ifeMJnXttSraR-fk***^*-?**), -?-<7)#^*^ 0. 0 0 5 wt%* 
ItiliEtiif?, *M;(JllXl4*fi]±3-fr*o #k S£^*& 0 . 0 0 2 w t 

oii, fo^iif^o. o o 5 w t %JiJi±-e&& t , Mg*««<k$*tTiBi»fin 
na-a^k-*-** o .- o o 5 w t %Ay.T\ #k o . o o 2 w t %*t« 

[ 0 0 2 7] 

±a u & jg^s^fa w^fli^ t is t» t\ * iff m k. *m-r * 

SLtt, ffl»fiDX14^Sfg#*2t«^o £rJI&J£i* 1 ^ m£j^x. 2 5 

[ 0 0 2 8] 



(17) HS3 0 94 04 5 

T<D S&ffl K mm-t& tz t> ic-li , S|g B H H M<7? *tt * PUB «l Wi" 4 &K*<« & o 
7 0 0 < C*«?>®jg-^??fcMf±, Afi U •)*<, 9 2 0 *C^Mx.4SJSt-C(i 

[ 0 0 2 9 ] 

, JS£>M#tt^g;TS-£TL£ iot, BS&iOi&fiJ&fcU 2 0- 5 5 0 *C 

fcSi&^kjif* b< 14 460-530 V X~<7) VkW.fr M&X~ $> & 0 
[ 0 0 3 0] 

f ftmn^&^n&ikt&m mmt) $-700-92 or-effv^ s&ic 

J^HiDX (2 5%ftT) *ffofclfclC4 2 0 - 5 5.0 t: -Cl^^aSr^ 9 tx^-C 

t fc, ^rajpxt&Kms^:® (fcfMfc) *7 o 0-9 2 or-ctfv^ J^rejp 

X (2 5%WT) , 4 2 0~5 5 0ttWfeltfro^U, S£K2 5%JsJ. 



(18) 



m&3 0 94 04 5 



o 

5 h r > femffiM-Cft 1 Wi&K (± 600-800 t^zSJg T 5 - 6 0 s (D&ftX 

[ 0 0 3 1 ] 
[ 0 0 3 2] 

[^siftW 

*#^<^^ i <o^mm*Mi ~~ 6 {c^tiaB^-r^o 

S^O^ep}i±coffif|i:^Di«b*^1-4)<7)-C*t9, (*) {Jif^HEi^g; 
[ 0 0 3 3] 

£t\ S 1 ~^3 ^|B1-^<?)^^v#^L, ^*P3$Jt6 

V/ sXm&AstZo m$k<?>*r-i Xlid 3 3 0 mm> (® 1 0 0 mm, IM50m 
m"C**o *fct*L6<&*Ml*9 0 0*C-ef&MI£^£L"C55^ i£^K^£P£ 

J:»JJ¥$0. 2 5mraKmiU. $Utt*W&& tmfcttZ § W 

^ 7 5 0*0^3 0 s ©&*yi*firn, fi*>^ 1 5"C/s W±o^*P^jg-e^§ 



0-9) HS3094045 

[ 0 0 3 4 ] 

^atL7t^75^-9->y>; >^LT, ^ H B H »K^i|iJ5EL^ TS OI5Ri9 5ijR) 

N/mm 2 > E 1 96, EC (*«*) 96IACS, fiHf JDI'I^ S. R 

, ^ij (^ m ) (D&mftteftmtftvtio 

[ 0 0 3 5 ] 

e B B H fiI> IP -fcltllJft * »±, JISH 0 5 0 H:*C, ik^fet-Kifffi 

•j j i s z 2 2 4 i t% m- m%<r>&& i &*7F-r®.k lt, ism^*- j i 

S H 0 5 0 5 Ki^DTiMfeLfco 
[ 0 0 3 6 ] 

a. L*?«>*<jyif 

E. WWtK* 9 3*1* 
[ 0 0 3 7 ] 

0 *lfttftlf 2, E M A S - 3 0 0 

N/mm ! fc4*J:5 K*ffij£:*7*RSSU 1 5 0 T^HfiJf-Cls^Sr^To *:„ 
^4~i6CH, 1 0 0 0 hr»©I» (S. R. R)T^Ltz» 
[ 0 0 3 8 ] 

JB*««I^>Ktt*ftoM-»*rny ^Co^T, SI (a) (b) (c) K 



(20) mm.3 0 94 0 4 5 

^i- 0 eii (a) imnm, (b) \immm-?&*), m&&tffott<v*t>-?)v ( 

1) C7)-^{±S^ (2) tc^^ (3) T-it^*,^ln^^L, *>?-2Fti7* 
uy? (4) KJ: ji/ (i) |:I*j 0 (mmtzh^U) *5-z_tz*km 

k-tzo ^(D^m^y-/^ (i) £15 ot:h#t5eb#m (**ii^i-c(ii o o 
ohr) tm-r&o mfca%mmm&, mi (c) oiiiffinn^i-j: ^ 

* (4) Srtt'JK^fcJfcSI-COSI** t *«Bj£U JS^7«fil 

jts**fli^£ (%) - (n/Jo) x i o o 

[ 0 0 3 9] 

$ x\* v *<Dtmmmm±. l //m?>:ftiRS v ***LfcK«ttf-«r 1 5 0 
tx 1 0 O OHH^M^LT^f,, 1 8 OMtilf, fei^lfSL 

[ 0 0 4 0] 

£M (SKD1 IS) W&tfcSKJB ( 1 mm x 5 mm^?L 
£8fe»t*) *ff 9 ifcfcj: JjH^^o f LT 5 0 0 1 ® ia*s> 1 0000 Hi «0 

^'JilfljeKo^TfcTO 5 0 0 1 IBH 1 0 0 0 0 0 §<^T 

mi] 
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14 
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10 
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17 
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20 
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no 


Ni 


Si 


Ha 


Sn 


Id 


S 


0 




ftOtttt 
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a 84 
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29 
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a 31 
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31 
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